Amino acid incorporation directed by poly(A), poly(U) or R17 RNA has been examined in Sl-depleted protein synthesizing systems. We observe that the translation of either synthetic or natural messenger RNA is strictly dependent on the presence of chain initiation factor 3 and ribosomai protein SI. With poly(A) or poly(U) both IF-3 and SI stimulate amino acid incorporation at least 25-fold, and with R17 RNA the stimulation is approximately 15-fold. More than one copy of SI per ribosome decreases amino acid incorporation directed by poly(U) or R17 RNA. Initiation complex formation with R17 RNA is also stimulated optimally by the addition of one copy of SI per ribosome. The function of IF-3 and SI in protein synthesis is considered.
INTRODUCTION
The 30S ribosomai protein SI of Escherichia coli was previously shown to be identical with the protein synthesis interference factor "1" as well as with subunit I of Q6 replicase [1] [2] [3] . In this laboratory, SI was found to inhibit Previous studies on the function of SI in translation were performed with a cell-free system that contained considerable amounts of this protein 1 *' 5 . In that system, chain initiation factor 3 is essential for the translation of R17 RNA and will stimulate amino acid incorporation 6 to 10-fold with synthetic polynucleotldes* *•. For the work presented here, we prepared 30S ribosomal subunits free of SI and we removed SI as well from the E_. coli supernatant by chromatography of the S150 fraction on poly(C)-cellulose. We find that IF-3 and SI are required for the translation of R17 RNA, poly(A) and poly(U), and that intact phage RNA is bound only by Sl-containing ribosomes. The presence of SI in excess of one copy per ribosome causes a decrease in amino acid incorporation directed by poly(U) and R17 RNA.
MATERIALS AND METHODS
Preparation of 30S ribosomal subunits free of SI.
Ribosomes were prepared from freshly grown E^. coll MRE600 cells and were washed twice with 1.0 M NH^Cl. Subunits were prepared according to Traub e_t aj^. 15 with the following modifications.
Twenty six ml 10-30Z linear sucrose gradients in buffer A (10 mM Tris-HCl, pH 7.8, 100 mM NH^Cl, 0.5 mM magnesium acetate and 6 mM 2-mercap toethanol) over 6 ml cushions of 30% sucrose in the same buffer, were layered with 4 ml samples containing 1200 A2 60 units of purified ribosomes in buffer A, and centrifuged for 10 hrs at 0° in a Spinco No. 30 rotor. 30S ribosomal subunits were recovered from the gradients, pelleted and washed three times with buffer B (20 mM Tris-HCl, pH 7.8, 1.0 M NH 4 C1, 10 mM magnesium acetate and 1 mM dithiothreitol).
After the final wash they were resuspended in buffer C (20 mM Tris-HCl, pH 7.8, 0.5 M NH^Cl, 10 mM magnesium acetate and 1 mM dithiothreitol) , heat activated at 37° for 50 min and cooled slowly. 50S subunits were recovered as pellets from the first preparative gradients. They were further purified by an additional sucrose density gradient centrifugation and resuspended in buffer C. All ribosomal particles were stored at 0°. The 30S subunits were essentially free of 50S particles whereas preparations of the latter contained 81 of the smaller subunits. SDS-gel electrophoresis* 6 of the washed 30S particles showed the absence of SI (Fig. 1) . When equimolar amounts of 30S and 50S subunits were analyzed at 0° on sucrose density Removal of SI from the £. coli supernatant. Poly(C) was coupled by ultraviolet irradiation to Whatman CF11 cellulose as described elsewhere 13 ' 17 . Five ml of an S150 fraction (Fig. 4 , Curve III). When SI is added in excess of the ribosomes, only poly(U) translation is inhibited (Fig. 4 , Curve II).
Translation of R17 RNA. The effect of SI on the translation of R17 RNA is negligible in the absence of the initiation factors (Fig. 5, Curve I) . However, when one copy of SI per ribosome is added together with the initiation factors, amino acid incorporation is stimulated (from 5 to 87 pmol) more than 15-fold (Fig. 5, Curve II) . Translation is inhibited with By using purified initiation factors and a high speed supernatant free of SI we were able to determine which component of the ribosomal wash is required for the translation of R17 RNA. As illustrated in Table I The addition of excess SI causes inhibition of initiation complex formation. As previously observed" 1 , SI has no effect on the AUG-dependent binding of fMet-tRNA with ribosomal subunits .
DISCUSSION
The results presented here indicate that, in an Sl-free RNA translation at levels of SI in excess of the ribosomes is likely to be caused by the additional protein binding to pyrimidine-rich sequences in the message which inhibits the movement of the ribosomes along the mRNA (Fig. 5 ).
Although SI is required for the translation of all mRNAs, it has no effect on the AUG-dependent binding of fMet-tRNA (Table II) . SI may not play a direct role in the recognition of the Initiator tRNA. However, it is essential for proper message binding 7 ' 22~2 "*, probably because it comprises a part of the mRNA binding site on the ribosome 25 .
Recently protein SI was found by Van Diejen jejt a_l. 
